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Abstract 
Floods can create natural disasters that cause 

widespread damage such as destroying people’s lives 

and resources in the social and environmental domains. 

Flooding is extreme and periodic due to climate change 

and the acceleration of human-influenced land-use 

modification, which increases the force in the river 

pathways and due to these alterations, the river 

morphology changes. To reduce flood damage, 

mapping and analysis of flood susceptibility are crucial 

components of flood reduction and mitigation 

procedures which recognize most at-risk regions 

according to physical features that identify the 

probability of inundation.  

 

With the use of geographic information systems (GIS), 

multi-criteria decision analysis (MCDA), analytical 

hierarchy process (AHP) and remote sensing (RS), this 

study attempts to generate a map of the Wyra 

catchment's flood risk. Nine thematic maps have been 

developed: slope, soil type, elevation, land use/land 

cover, topographic wetness index, rainfall and distance 

from rivers, drainage density and road distance maps. 

The Wyra catchment area is about 3443 km2. According 

to this research, about 11.60% were in a zone of risk, 

vulnerable to flooding. Around 84.33% and 4.06% 

were moderate and low-risk zones respectively. This 

study provides efficiency in terms of time and funds for 

the flooding procedure in the catchment of Wyra. As a 

result, flood forecasting, early detection and control 

will be helpful for planners of land use and decision-

makers to lessen the effects of flood vulnerability and 

future damages within the Wyra watershed. 
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Introduction 
Floods can cause natural disasters such as fatalities and 

infrastructural, economic and social disruptions, huge 

damage to construction and casualties worldwide. The 

efficiency of the flood is an outcome of various requirements 

including flood power, frequency, size, the length of the 

flow, the river's cross-section geometry, changes in the plan 

form etc.43 Floods have occurred frequently because of 

climate change, quick urbanization and the degradation of 

land use management12,25. In India, floods are very regular; 

they cause human losses and agricultural damage5,30. Floods 

cause destruction each year, affecting around 170 million 

individuals globally. Due to climate change, floods can be 

disastrous and extremely dynamic8. Climate circumstances 

significantly influence a river's runoff.  

 

Research studies have identified that peak discharges 

typically determine the effectiveness, frequency and severity 

of floods23. The estimation of flood, depending on the 

regulating variables and effectiveness, varies from one river 

to another. Temporary susceptibility maps can decrease 

flood-related economic losses and fatalities. Susceptibility 

maps are used to prevent future damage. Around eight 

million hectares of India's land are impacted by floods 

yearly33. Therefore, adequate flood management is required 

to mitigate those geographic areas and their corresponding 

socio-economic limitations19. In river catchments, flood 

hazards are influenced by the high annual rainfall rate, 

resulting in fatalities and significant destruction of 

property26. This damage is caused by high precipitation 

rates, high groundwater levels, huge quantities of river flows 

and high tide levels1.  

 

Although catastrophes cannot be excluded, proper planning 

and an effective management approach could be beneficial 

to decrease the devastation. Hence, the recognition of 

vulnerable areas is a useful method in any strategy for 

mitigating disasters9. The consequences of flooding are the 

recurrence that there might be more floods because of 

drainage channel changes, irregular drainage basin planning, 

heavy rainfall, urbanization, deforestation etc.42 Different 

parameters that cause flooding are massive rainfall, climate 

change, less soil permeability, modifications in land use 

patterns etc.7 A flood can generate various losses, such as 

infrastructural losses (communication networks, 

transportation networks), agricultural losses (crop loss, 

damages to land, productivity), public facility losses, 

property loss and availability as well as an effect on water 

quality and accessibility38.  

 

Due to floods, there are various effects such as drowning and 

direct and indirect health effects because of displacement of 

population, lower income and inadequate interim living 

conditions7. In India, floods destroy almost forty million 

hectares of land17. During the southwest monsoon season 

between July and October, it receives 75% of the 

precipitation, most of the river’s overspill during this session 

because of this flooding2. After Bangladesh, India is an 

https://quillbot.com/grammar-check?referrer=side_navbar#_bookmark7
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extremely affected country in the world29. Developing 

accurate flood susceptibility maps will be useful to reduce 

flood risk, as losses and dangers can be decreased. Mapping 

flood susceptibility is necessary for mitigation plans, hence, 

it will find out the most susceptible places and the physical 

features that are influenced by floods44. Floods are an 

element of the water cycle; therefore, the impact of flooding, 

frequency and magnitude have increased in recent periods22.  

 

Flood vulnerability mapping and analysis are used to find 

components of an early warning system (or) mitigation of 

flood situations, so it recognizes that the vulnerable area 

depends on the physical environment and propensity for 

flooding44. The combination of remote sensing (RS) and 

geographic information systems (GIS) methods is beneficial 

for different aspects of environmental analysis15,28. Recent 

studies concluded that RS and GIS methods are more 

appropriate for producing maps of flood susceptibility with 

good accuracy48,49.  

 

However, various methods have been used, there has been 

widespread use of the analytical hierarchy process 

(AHP)13,40. During the previous 20 years, the evaluation of 

flood risk has been done by various river catchments, 

implementing the AHP10,12, frequency ratio and artificial 

neural networks36,44,45. The RS and GIS methods have been 

extensively used in disaster management investigations, 

specifically related to floods27. 

 

Flood susceptibility analysis is done using multi-criteria 

decision analysis (MCDA)40. Methodologies for allocating 

weights, or weighting techniques pairwise, for example, can 

be utilized in MCDA to estimate the significance of the 

chosen conditioning elements24,41. Considering a variety of 

evaluations of published work, the most common MCDA 

technique in terms of delineating zones susceptible to 

flooding is those with a weighted linear combination21. The 

AHP method is the most adopted technique for determining 

weights which used pairwise estimation to determine how 

much one differs from the other in terms of ranking on the 

specified criteria33.  

 

To fully understand urban green area’s potential 

significance, it is imperative to quantify the benefits they 

provide in terms of economic gains and flood mitigation. 

Flood-resistant urban planning should prioritize solutions 

derived from nature that is, promoting blue and green spaces 

in cities, due to their numerous ecosystem advantages. For 

watershed hydrology, the GIS environment offers a potent 

tool. It is adopted and simply deployed to vast research areas, 

facilitating the collection of all data and information into a 

single database for watershed characterization and spatial 

analysis. The MCDA-based AHP method is used14. 

 

Various approaches are utilized in the mapping of flood 
susceptibility22. The geomorphologic characteristics of the 

catchment have been employed in various studies35. 

Although this technique cannot substitute traditional 

hydraulic modeling32, it could be adopted, specifically in in-

depth research or in developing nations4.  

 

Techniques like frequency ratio and logistic regression based 

on expected input parameters depend on different 

emphasizing criteria like the number of data sets31,37. 

Advanced technologies like algorithms for machine learning 

might use random forests, support vector machines, or 

artificial networks43. This research aims to present the areas 

that are susceptible to flooding in Wyra catchment by using 

RS and GIS by integrating with AHP methods. Nine 

influencing parameters: soil type, elevation, slope angle, land 

use/cover, topographic wetness index, drainage density 

rainfall, distance from river and distance from roads, have 

been used for process mapping which creates a flood 

susceptibility map. This is useful for land use planners and 

decision-makers and it is also useful for disaster 

management teams for identifying flood-affected zones 

within the research area. 

 

Study Area 
The Wyra catchment spread in Telangana and the Andhra 

Pradesh region of the Southern                                                          peninsula of India is shown 

in figure 1. The Wyra River is formed by combining two 

major streams, the Moddupadava stream and Nimma stream. 

The two streams originate in the region in the Northern Ghats 

on the hill located in the south-west of the Khammam district. 

Wyra River is one of the rivulets of the Munneru River. The 

Wyra catchment is situated between a latitude of 160 14’ N 

and 170 35’ N, a longitude of 800 05’ E and 800 55’ E. It has a 

catchment area of about 3, 443 km2 which itself is affected 

by hot summers and winter seasons. The Wyra River flows 

in a south direction in Madhira mandal to     join the Munneru 

River in Krishna district. The region has a dendritic to sub-

dendritic drainage system. 

 

The crops in the Wyra catchment are jowar, rice, maize and 

pulses. The irrigation potential of the basin was utilized and 

constructed for the Wyra medium irrigation project, which 

was constructed across the Wyra River by the Nizam 

Government. The project used for irrigation, is in the Wyra, 

Thallada and Bonakal mandals of Khammam district, 

covering 24 villages and a total area of 7,038 hectares. The 

rivulet drains into the Munneru River after 65 km of its 

journey. The Wyra catchment experiences average annual 

rainfall that varies between 1012-1255 mm between (2011 - 

2020). Elevation differs between 28 m and 785 m. The sandy-

clay-loam, clay-loam and clay soil types are found in the 

basin.  

 

The peninsular Gneissic complex covers 81.32 %, 

Charnockite covers 9.06 %, Khondalite covers 3.50 % and 

Lower Gondwana covers 3.58%. Wyra catchment 

encompasses major towns in Telangana such as Khammam, 

Kothagudam, Madhira, Vijayawada, Jaggayyapeta, Tiruvuru 

and Nandigma and Yellandu of Andhra Pradesh. Taluk wise 

area that will be covered by the Wyra river is summarized in 

table 1.  

https://quillbot.com/grammar-check?referrer=side_navbar#_bookmark19
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Material and Methodology 
Flood susceptibility mapping was generated using different 

input data obtained from various sources and put together in 

GIS. Digital elevation model (DEM) high data resolution 

from the website NASA, RS and GIS have been used for 

analysis and prepared maps like elevation, slope, drainage 

density and topographic wetness index map (TWI). Land use 

and land cover (LULC) data were obtained from Sentinel-2 

with a 10 m resolution, obtained from the ESRI land cover 

website. Soil data from the FAO website, distance from river 

and roads from DIVA-GIS and rainfall data were obtained 

from CRUTS v.4.07 high-resolution gridded datasets. Based 

on various literature studies and their significance on 

susceptibility to flooding, nine flood control elements were 

chosen to obtain appropriate data and to avoid an excess of 

validity in spatial modelling at a national basis. Elevation, 

slope, LULC, rainfall data, soil type, TWI, distance from the 

river, drainage density and distance from road maps were 

developed from data and integrated into GIS and finally, the 

output is a flood susceptibility map. Flood mapping is the 

main methodology, adopted using GIS setup and MCDA 

analysis. Figure 2 represents stage wise methodology of the 

current study. The methods adopted in this research make 

use of the potential of GIS in the management of geographic 

data and the flexibility of knowledge-based MCDA to 

incorporate value-based agreements with real details. 

According to a comprehensive overview of the literature, a 

total of selected nine flood-controlling components 

regarding susceptibility mapping, are considered in this 

research.

 

 
Fig. 1: Geographical location of Wyra Catchment from Andhra Pradesh 

 

Table 1 

Area of the Wyra catchment details Taluk-wise  

S.N. State Taluk Area (Sq. km) area (%) 

1 Telangana Khammam 329.47 9.56 

2 Telangana Kothagudem 409.86 11.9 

3 Telangana Madhira 1534 44.56 

4 Telangana Yellandu 305.21 8.86 

5 Andhra Pradesh Jaggayyapeta 4.01 0.116 

6 Andhra Pradesh Nandigama 135.94 3.947 

7 Andhra Pradesh Tiruvuru 717.111 20.82 

8 Andhra Pradesh Vijayawada 7.88 0.22 
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Fig. 2: Diagram showing the process for locating and mapping regions that are vulnerable to flooding 

 

  

Fig. 3: Spatial distribution maps showing the elevation and slope of the Wyra Catchment 

 

Results and Discussion 
Surface and flow characteristics of Wyra catchment: 

Flood control parameters used in the research are surface 

characteristics and flow characteristics such as elevation, 

slope, LULC, soil map, TWI, rainfall map, drainage density, 

distance from the river and distance from the road. They 

were utilized to develop the potential area's susceptibility to 

floods. Mapping the research area's susceptibility to flooding 

through an investigation of these factors, a more specific 

analysis of each parameter is represented as follows: 

Elevation: The study region is located between 10 m and 

790 m above sea level. Elevation is among the parameters 

employed to identify the risk of flooding in the study region. 

Downsized-elevation regions have an increased probability 

of flooding incidents than greater-elevated areas. Lower 

altitudes are generally associated with maximum discharge 

and are submerged quicker by the flow of flooding than 
higher altitudes. Elevation is inversely proportional to 

flooding. Areas with lower elevations can be found in the 

southeast and southwest elements of the research region: 
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very low, low, moderate, high and very high, 1.1%, 3%, 

22%, 38% and 36% elevation of the research area. 

 

Slope map: The gradient controls the surface flow velocity. 

High slopes reduce flow accumulation. Lower slopes 

increase the probability of flooding. The slopes in 

mountainous regions are typically steeper, preventing water 

accumulation, in contrast, the likelihood of flood                                 inundation is 

higher in low lands or flat lands with gentle slopes46. There 

is a correlation between surface flow velocity and the 

research area's slope and the slope partially regulates  the 

intrusion process. Slope can regulate flow in downward 

directions. DEM generates slope maps within the ArcGIS by 

utilizing framework surface-level instruments, Figure 3 

represents slope map of the catchment that covers the study 

region's 44% (1519.82 sq km) having a slope ranging from 

0 to 2.70 related to an extremely high susceptibility to 

overflowing floods. Around 37% (1268.66 sq. km) and 14% 

(472.88 sq. km) within the research region are categorized  as 

high (2.720-6.450) and moderate (6.460- 12.70) susceptible to 

flooding correspondingly. Areas of low (12.80 to 22.10) and 

very low (22.10 to 53.10) show susceptibility to floods. 

 

Land use and Land cover (LULC) mapping of Wyra 
Catchment: Flood occurrence is managed by LULC; it is 

one of the crucial parameters. Because vegetation decreases 

water flow and induces maximum infiltration, regions with 

massive vegetation are less susceptible to flooding. Runoff 

is higher in residential and urban zones due to impervious 

surfaces and less infiltration6,11. LULC of different surfaces, 

areas with very high, moderate, low and very low sensitivity 

to floods include water bodies, urban areas, bare ground, 

agriculture and shrubland6.  

 

Figure 4 shows the LULC map of the investigation region 

which is classified as very high (water body), high (built up, 

flooded vegetation) and moderate (crops, bare ground, 

range land), indicating more vulnerability to flooding. Most 

of the lands in the Wyra catchment are observed to be 

cropland, considering 75.70% of the research region, water 

bodies, trees, 2.54%, 10.9%, built up 4.8% and range land 

5.89% respectively. 

 

Soil Type: Soil texture influences hydraulic conductivities; 

the fine-grained soil decreases infiltration and intensifies 

surface runoff. Therefore, regions with a fine soil texture 

influence more floods than regions with a rough soil 

texture6,16. The kinds of soil in the research region are 

categorized as low, moderate and susceptible to floods. In 

this study region, typically, four different classes of soil are 

identified, as represented in figure 4. Sandy Loam 

(moderate), loam (moderate), clay (low) and clay-loam 

(low) are susceptible to flooding covering about 45.89%, 

28.05%, 3.75% and 22.29% of the study region respectively. 

 

 
 

Fig. 4: Wyra Catchment LULC and Soil Map 
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Topographic Wetness Index (TWI): The Wyra 

catchment’s TWI map was created using the equation 1 and 

the raster calculator function of the spatial analyst tools in 

the ArcGIS environment was used to build the TWI map.     

 

𝑊 = 𝐿𝑛
𝐴𝑠

𝑡𝑎𝑛𝐵
                                              (1) 

  

where W indicates the TWI and notation (B) is the degree of 

the local slope angle. The TWI is adapted to represent flow 

accumulation volume at any location and the physical 

resemblance of the area inundated by floods. The 

relationship between TWI and flood risk is direct. The TWI 

of the region and geomorphology have a strong correlation. 

Larger TWI values indicate a generally higher likelihood of 

flood inundation6. The TWI of the research region was 

divided into five categories of flooding susceptibility 

grouped as very low (-8.4 - -5), low (-4.99 - -2.99), moderate 

(-2.98 - -0.46), high (-0.459 - -3.12) and very high (3.13-

13.8) covering 39.06%, 32.89%, 14.82%, 10.81% and 

2.40% of the study region. The TWI of the Wyra catchment 

is shown in figure 5 and the corresponding weight obtained 

using weighted overlay techniques is given in table 5.  

 

Rainfall Map: Flood susceptibility mapping analysis and 

rainfall mapping are the most significant parameters studied 

by various researchers worldwide. A research study 

indicates that a relationship exists between flood occurrence 

and rainfall in the study area. Flooding occurs due to heavy 

rainfall or long periods of rainfall and because of this, high 

runoff is generated in the catchment area. The study region's 

rainfall ranges from 1000-1094 and 1201-1255 mm/year, the 

spatial distribution of the rainfall intensity of Wyra 

Catchment is shown in figure 5.  

 

The TWI and rainfall map have been reclassified to a 

maximum scale of 5 since it is required in weighted overlay 

technique, after re-scaling the rainfall intensity into 5 classes 

which include very low (1012-1094 mm), low (1095-1,131 

mm), moderate (1,132-1,166 mm), high (1,167-1200 mm) 

and very high (1201-1255 mm). The northeast and northwest 

of Wyra Catchment area are highly susceptible to floods. 

 

Drainage density mapping: The drainage density is one of 

the variables that influences storm susceptibility. The 

drainage system of the research area depends on several 

variables including slope, kind of bedrock and fracture 

patterns both locally and regionally. Soil permeability is an 

inverse function of drainage density. A minimum porous 

surface area is vulnerable to maximum drainage density 

which leads to large runoff from rain and the reverse way 

around. Accordingly, an increased drainage density suggests 

that the area is at a lower risk of flooding. Therefore, as 

drainage density is enhanced, the rating for density of 

drainage reduces. The stream's whole length segment 

separated by the area unit is the drainage density.

 

  
Fig. 5: Wyra Catchment Topographic Wetness Index and Rain Fall Map 
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In the spatial analysis tool, using ArcGIS method to retrieve 

drainage systems from DEM with an improvement of 30 m 

utilizing the stream polyline feature and kernel density, a 

drainage density region was calculated in using GIS. Finally, 

the drainage density was classified continuously according 

to the flood vulnerability index. In the Wyra basin, the 

drainage density varies from 0 - 4.21 km/km2. The drainage 

basin is split up into five classes considering how it affects 

flood susceptibility: very low (0-0.75), low (0.76-1.2), 

moderate (1.21-1.62), high (1.63-2.06) and vary high (2.07-

4.21) km/km2 as shown in figure 6. Each class of the 

drainage density indicates about 36.92%, 37.70%, 21.64%, 

3.28% and 1.42% of the watershed's total area, the weights 

of the drainage density are summarized in table 5. 

 

Distance from River mapping: Flood inundation occurred 

in an area near the river basin, then away from the river 

catchment. Therefore, rivers initially cause damage along 

the riverside and then adjacent lowland areas. Areas around 

500 m are more vulnerable to flooding than regions far away 

from the study region. River regions like 1000 m, 1500 m and 

>2000 m, are categorized into high, moderate, low and very 

low susceptibilities to floods, as shown in figure 6. Each 

class can be divided into five categories: 29.66%, 27.10%, 

21.84%, 13.78% and 7.60% respectively as very high, high, 

moderate, low and very low susceptibility to floods.  

 

Distance from roads: Distance from the road is another 

crucial consideration when identifying areas that could 

experience flash flooding. Roads impede water from 

penetrating the earth, slowing down the infiltration process. 

As a result, many roads get flooded by light rains which lead 

to flash floods. Additionally, because of less penetration and 

a quicker runoff process, areas near roads are highly 

susceptible to sudden flooding. In the research region, 

distances from roads were re-classified as very high (0 - 

1950 m), high (1960 - 4210 m), moderate (4,220 - 6,710 m), 

low (6,720 -11,300 m) and very low (11,400 - 19,900 m) 

respectively. The distance from roads is mapped and shown 

in figure 7 and the corresponding weights of each distance 

class are summarized in table 5.  

 
Analytical Hierarchy Process (AHP): The most regularly 

adopted and successful method is developed by the AHP in 

which MCDM processes determine the corresponding 

criteria significance (or) element reflected during the 

research and several previous investigations have been 

performed3,6,34. This technique is used to weigh each flood-

control element and, finally, to determine and identify the 

locations most vulnerable to flooding. As per this analysis, 

flood susceptibility mapping, making use of MCDA, is 

adopted. Weights are set according to the regional physical 

features of the research region and the evaluation of former 

investigations.  

 

As recommended, following procedure was used to assign a 

related weight for every flood control component that was 

utilized in the research34. In the matrix for pairwise 

comparison (Table 2), developed according to the 

corresponding significance, a value arranged on a scale of 1 

to 9 was allocated to every component to build. The scale is 

1 point for similar importance and 9 points for major 

importance.

 

  
Fig. 6: Drainage density and distance from river maps of the Wyra Catchment 
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Fig. 7:  Wyra Catchment Distance from Roads 

 

Afterward, each value in the matrix of pairwise comparisons 

column was separated by the total of the column values to 

produce the normalized matrix table for pairwise 

comparisons. The weight of each element was calculated in 

the third stage by dividing the amount of each row by the 

number of components in the normalized pairwise 

comparison matrix tables (Table 3). Following the 

computation of weights for each flood control element, a 

consistency check was conducted using the weights (eq. 2) 

stated below to ascertain whether the comparison was 

accurate and consistent. The following formula is used to 

determine the consistency index34: 

 

𝐶𝐼 =  
𝜆𝑚𝑎𝑥−𝑛

𝑛−1
                                                      (2) 

 

where the consistency index is (CI). Eigen values denote the 

number of elements being contrasted in the matrix. As 

recommended, the following approach was utilized to get the 

comparative matrix’s (Table 4) greatest Eigen values34. 

Combine the numbers in the rows to get the weighted sum 

value. Every weighted total value's ratio to the 

corresponding aggregate value is based on the criteria 

weight, divide by the criteria weight and finally the 

consistency ratio (CR) was calculated with the help of eq. 3 

which is recommended to check the consistency of the 

comparison34. 

 

𝐶𝑅 =  
𝐶𝐼

𝑅𝐼
                                                                                 (3) 

 

𝑅𝐼 =  𝑊1𝑅1+𝑊2𝑅2 + 𝑊3𝑅3+𝑊4𝑅4 + 𝑊5𝑅5+𝑊6𝑅6 +
𝑊7𝑅7+𝑊8𝑅8 + 𝑊9𝑅9                                                          (4) 

where CR is the consistency-to-ratio, CI is the index of 

consistency. The random index (RI) W1×R1, W2×R2 ……….     

W9×R9    are the weighted and ranking of elevation, slope, 

LULC, soil type, TWI, rainfall, drainage density, distance 

from river and distance from road respectively. 

 

Flood susceptibility mapping of the Wyra Catchment: 
Once each flood-controlling element was developed and re-

classified to a common scale of measurement ranging from 

very low to very high on scale of 1 to 5, using ArcGIS 

software and weighting the elements using the AHP method, 

the spatial layers were combined and overlaid jointly in the 

ArcGIS spatial analyst extension using the weighted overlay 

method. The flood susceptibility map of the study region was 

obtained by applying the equation 5 used in much earlier 

research to create the flood vulnerability map6,11:  

 

𝐹𝑠 = ∑ 𝑋𝑖 × 𝑊𝑖
𝑛
𝑖=0                                                                 (5) 

 

where FS is the flood susceptibility, notation (n) is the 

number of decision criteria and Xi is the normalized criteria. 

The rater layers' pixel/cell values are multiplied by their 

weights or percentage effect. The flood susceptibility is 

produced by adding the results which are obtained using the 

AHP approach.  

 

Implementing AHP techniques for Wyra catchment 

analysis: Re-classification of all the elements that control 

flooding and AHP analysis were utilized to the equivalent 

weights that affect the storm surge controlling variables that 

are weighted overlay. A matrix of comparison was created 

as indicated in table 2. The pairwise comparison’s 
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normalization and the factor weights were calculated as 

presented in table 3 and additionally, the comparison’s 

consistency was checked by the recommended process34. 

Table 4 indicates the final criteria weights for every element 

preventing flooding, it shows how much each element is 

thought to influence the possibility of floods in the research 

region.  

 

Therefore, the elevation is 12%, the slope of the research 

domain is 11%, the LULC              10%, the soil type is 10%, the TWI 

is 13%, the rainfall within the region is 14%, the drainage 

density is                       km/km2 10%, the distance from the river is 13% 

and the distance from roads is 8%. The consistency index (CI 

= 0.06) was determined by utilizing equation 2 and the 

consistency ratio (CR = 0.041) was measured with equation 

3.  

 

Before estimating CI, the computed greatest Eigen value 

(9.48) and several elements (here n=9) were applied. The 

random index (RI) varies based on number of parameters 

used for analysis and in this study, the RI is1.46 for nine 

variables47.

 

Table 2 

Matrices for pairwise comparison 

Factors El Sl LULC ST TWI RF DD D-river D-road 

El 1 1 2 1 1 1 1 1 3 

Sl 1 1 3 1 1 1 1 1/2 1 

LULC 1/2 1/3 1 1 1/3 1/3 1 1/3 3 

ST 1 1 1 1 1 1 1 1 1 

TWI 1 1 3 1 1 1 1 1 3 

RF 1 1 3 1 1 1 1 2 3 

DD 1 1 1 1 1 1 1 1 1 

D-river 1 2 3 1 1 1/2 1 1 3 

D-road 1/3 1 1/3 1 1/3 1/3 1 1/3 1 

Sum 7.8 9.3 17.3 9 7.6 7.1 9 8.1 19 

 

Table 3 

Normalized pairwise comparison matrix 

Factors El Sl LULC ST TWI RF DD D-river D-road Sum CW CW

% 

El 0.128 0.107 0.11 0.111 0.131 0.140 0.111 0.123 0.157 1.118 0.124 12.4 

Sl 0.128 0.107 0.173 0.111 0.131 0.140 0.111 0.061 0.052 1.014 0.112 11.2 

LULC 0.064 0.032 0.057 0.111 0.039 0.042 0.111 0.037 0.157 0.65 0.072 7.2 

ST 0.128 0.107 0.057 0.111 0.131 0.140 0.111 0.123 0.052 0.96 0.134 13.4 

TWI 0.128 0.107 0.173 0.111 0.131 0.140 0.111 0.123 0.157 1.181 0.131 13.1 

Rf 0.128 0.107 0.173 0.111 0.131 0.140 0.111 0.246 0.157 1.304 0.144 14.4 

DD 0.128 0.107 0.057 0.111 0.131 0.140 0.111 0.123 0.052 0.96 0.106 10.6 

D-river 0.128 0.21 0.173 0.111 0.131 0.070 0.111 0.123 0.052 1.214 0.134 13.4 

D-road 0.038 0.107 0.017 0.111 0.039 0.042 0.111 0.123 0.052 0.554 0.106 10.6 

 

Table 4 

Comparative matrices 

Factors El Sl LULC ST TWI RF DD D-

river 

D-

road 

Sumi weight Sumi/ 

weight 

El 0.124 0.112 0.144 0.106 0.131 0.144 0.106 0.134 0.183 1.184 0.124 9.54 

Sl 0.124 0.112 0.216 0.106 0.131 0.144 0.106 0.067 0.061 1.067 0.112 9.52 

LULC 0.062 0.033 0.072 0.106 0.039 0.043 0.106 0.040 0.183 0.684 0.072 9.51 

ST 0.124 0.112 0.072 0.106 0.131 0.144 0.106 0.134 0.061 0.99 0.106 9.33 

TWI 0.124 0.112 0.216 0.106 0.131 0.144 0.106 0.134 0.183 1.256 0.131 9.58 

Rf 0.124 0.112 0.216 0.106 0.131 0.144 0.106 0.268 0.183 1.39 0.144 9.65 

DD 0.124 0.112 0.072 0.106 0.131 0.144 0.106 0.134 0.061 0.99 0.106 9.33 

D-river 0.124 0.224 0.216 0.106 0.131 0.072 0.106 0.134 0.183 1.296 0.134 9.67 

D-road 0.037 0.112 0.021 0.106 0.039 0.043 0.106 0.040 0.061 0.565 0.061 9.27 

Total 85.4/9=0.48 
The El is elevation, Sl is slope, ST is Soil type, RF is Rainfall, DD is Drainage Density, Sumi is Sum index. The consistency index 

CI is equal to αmax -n/n-1 which is equal to 0.06 and the CR ratio 0.041 and it is less than 0.1 for large matrices, if it matches, then 

the pair-wise comparison matrix is said to be consistent. 
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Table 5 

Flooding conditioning factors their classes, rating values, area coverage and percentage 

 

Factor and weights 

 

Class 

Flood 

susceptibility 

(class) 

Rating Class pixels Area 

Sq.km 

% 

Elevation  

(weight 12%) 

28-86 Very high 5 1,347,533 1237 36 

87-130 High 4 1,414,329 1299 38 

140-210 Moderate 3 8,118,57 745 22 

220-360 Low 2 1,23,348 113 3 

370-790 Very low 1 5,350,0 49 1 

Slope 

(weight 11%) 

0-2.71 Very high 5 1,707,617 1565.48 44.41 

2.72-6.45 High 4 1,364,201 1250.65 35.48 

6.46-12.7 Moderate 3 5,626,26 515.79 14.63 

12.8-22.1 Low 2 1,367,91 125.4 3.56 

22.2-53.1 Very low 1 7,409,1 67.97 1.93 

 

LULC 

(weight 10%) 

 

Water Very high 5 8,772,28 87.72 2.54 

Trees Moderate 3 3,786,664 378.66 10.99 

Floods veg High 4 4867 0.48 0.014 

Crops Moderate 3 26070364 2607.03 75.78 

Built-up High 5 1,659,462 165.94 4.81 

Bare ground Moderate 3 7,736 0.77 0.022 

Range land Moderate 3 2,028,710 202.87 5.89 

 

Soil type  

(weight 10%) 

Loam Moderate 3 1,435,98 129.23 3.75 

Clay-Loam Low 2 966,175 966.17 28.057 

Sandy-clay- 

Loam 

 

Moderate 

 

3 

 

767,89 

 

767.89 

 

22 

Clay-Loam High 2 1580.19 1580.19 45.89 

 

TWI 

(weight 13%) 

 

 

-8.4- -5 Very Low 1 1,461,921 1344.08 39.06 

-4.99- -2.99 Low 2 1,230,968 1131.74 32.89 

-2.98- -0.46 Moderate 3 5,554,709 509.99 14.82 

-.0459- 3.12 High 4 4,045,41 371.93 10.81 

3.13 - 13.8 Very High 5 8,995,5 82.704 2.4 

Rainfall 

(weight 14%) 

1012-1094 Very Low 1 6,564,99 590.84 17.15 

1095-1,131 Low 2 7,496,34 674.67 19.59 

1,132-1,116 Moderate 3 1,018,127 916.31 26.6 

1,167-1,200 High 4 7,68,300 691.47 20.08 

1,201-1,255 Very High 5 6,335,64 570.2 16.55 

 

 

Drainage density 

km/Km2 

(weight 10%) 

0-075 Very Low 1 1,347,533 1212.77 35.92 

0.76-1.2 Low 2 1,414,329 1272.89 37.7 

1.21-1.62 Moderate 3 8,118,57 730.67 21.64 

1.63-2.06 High 4 1,233,48 111.01 3.28 

2.07-4.21 Very High 5 5,350,0 48.15 1.426 

 

 

Distance from River 

(m) (weight 13%) 

0-1280 Very Low 5 1,134,887 1021.39 29.66 

1,290-2680 Low 4 1,037,238 933.51 27.109 

2690-4300 Moderate 3 8,356,61 752.09 21.84 

4310-6250 High 2 5,274,32 474.68 13.78 

6260-10,800 Very High 1 2,909,07 261.81 7.6 

 

 

Distance from Roads 

(m) (weight 7%) 

0-1,950 Very Low 5 1,276,312 1148.68 33.35 

1.960-4210 Low 4 1,142,383 1028.14 29.85 

4220-6710 Moderate 3 8,801,85 792.16 23 

6720-11,300 High 2 4,848,98 436.4 12.67 

11,400-19,900 Very High 1 4,234,7 38.11 1.1 
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The ascertained worth of the CR is 0.041, that is allowed to 

utilize the correlation for overlay with weights because it is 

not greater than 0.1. or 10%. The map of flood susceptibility 

of the Wyra catchment has been prepared with integrating 

nine theme maps for preventing flooding and shown in figure 

8. The integrated overlay with weights system classifies the 

Wyra catchment into three classifications based on flood 

susceptibility such as high, moderate and low. Table 6 

indicates the calculated areas of each susceptibility division 

of 11.60% (398.84 sq.km), 84.33% (2899.13 sq.km) and 

4.06% (139.79 sq.km) categorized within the research field 

as high, moderate and low susceptibilities to flooding. 

Correspondingly, about 84% and 11.60% of the field of 

research are defined through moderate and very high 

susceptibilities to overflowing. Low susceptibility to 

flooding defines the remaining 4.06 % within the research 

region.  

 

The regions with an extremely high risk of floods are 

principally controlled by low height, comparatively flat 

terrain, heavy rainfall, large TWI, more drainage density, 

crop lands and LULC. The regions with minimal flood 

susceptibility are principally controlled with high slopes and 

elevations, less drainage density, dense vegetation cover etc. 

and the outcomes are combined. To generate the map of 

flood susceptibility, the percentage of susceptibility to 

flooding is summarized in table 6. 

 

Conclusion 
Floods have caused extensive damage to social, 

environmental and human systems. Strategic planning tools 

such as flood risk assessment and simulation, are essential 

for mitigating flood risks and minimizing damages, even 

though they cannot be eliminated. This study aims to reduce 

the impact of flood damage by developing a flood 

susceptibility map for the Wyra catchment, utilizing GIS, RS 

and MCDA techniques, with the AHP ensuring model 

consistency.

  

 
Fig. 8: Flood susceptibility map of the Wyra Catchment with three major classes:  

low, moderate and very high respectively 

                   

Table 6 

Showing the regions and proportions of the Flood Susceptibility map 

Flood 

susceptibility 

class 

Class 

Pixels 

Area 

(sq.km) 

Percentage 

(%) 

Low 152046 139.79 4.06 

Moderate 3153308 2899.13 84.33 

Very High 433816 398.84 11.60 
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Nine flood-controlling factors were identified including 

elevation, slope, LULC, soil type, TWI, rainfall, drainage 

density, distance from rivers and distance from roads. These 

factors were mapped, weighted and overlaid to determine 

areas vulnerable to flooding in the Wyra catchment.  

 

The study revealed that elevation with a weight of 12%, 

significantly influences flood susceptibility. Areas between 

28- and 86-meters elevation were particularly vulnerable, 

with 36% of the total area rated as having a very high 

susceptibility. The slope, weighted at 11%, with a range of 0 

to 2.71 degrees, also played a critical role, covering 44.41% 

of the catchment with a very high flood susceptibility rating. 

LULC had a weight of 10%, with crops covering 75.78% of 

the catchment and receiving a moderate susceptibility rating. 

The TWI, weighted at 13%, indicated a very low flood 

susceptibility across 39.06% of the area, within a range of -

8.4 to -5.  

 

Rainfall, with a weight of 14%, indicated that 17.15% of the 

area, receiving between 1012 and 1094 mm of rainfall, was 

rated as having very low susceptibility. Drainage density, 

weighted at 10%, showed low susceptibility in 35.92% of the 

catchment, within a range of 0 to 0.75 km/km². The distance 

from the river, weighted at 13%, indicated that areas within 

1290 to 2680 meters from the river, covering 27.10% of the 

area, had a low susceptibility rating.  

 

The consistency of the pairwise comparison matrix was 

confirmed, with a consistency ratio of 0.041 and a 

consistency index of 0.06, both below the acceptable 

threshold of 0.1. The results showed that 11.60% of the study 

area had very high flood susceptibility, 84.33% had 

moderate susceptibility and 4.06% had low susceptibility. 

The regions with the highest flood potential were in the 

northeastern and northwestern parts of the Wyra catchment. 

This study demonstrates an effective and practical approach 

for identifying flood susceptibility zones. The findings can 

assist land use planners and decision-makers in 

implementing measures to reduce the risk of future flooding 

and associated damages. 

 

References  
1. Acreman M. and Holden J., How wetlands affect 

floods, Wetlands, 33(3), 773-786 (2013) 

 

2. Agnihotri G. and Mohapatra M., Prediction of occurrence of 

daily summer monsoon precipitation over 

Karnataka, Meteorological Applications, 19(2), 30-139 (2012) 

 

3. Ajibade F.O., Ajibade T.F., Idowu T.E., Nwogwu N.A., 

Adelodun B., Lasisi K.H., Opafola O.T., Ajala O.A., Fadugba O.G. 

and Adewumi J.R., Flood‐prone area mapping using GIS‐based 

analytical hierarchy frameworks for Ibadan city, Nigeria, Journal 

of Multi‐Criteria Decision Analysis, 28(5-6), 283-295 (2021) 

 

4. Albano R. and Sole A., Geospatial methods and tools for natural 

risk management and communications, ISPRS International 

Journal of Geo-Information, 7(12), 470 (2018) 

5. Ali H., Modi P. and Mishra V., Increased flood risk in Indian 

sub-continent under the warming climate, Weather and Climate 

Extremes, 25, 100212 (2019) 

 

6. Allafta H. and Opp C., GIS-based multi-criteria analysis for 

flood prone areas mapping in the trans-boundary Shatt Al-Arab 

basin, Iraq-Iran. Geomatics, Natural Hazards and Risk, 12(1), 

2087-2116 (2021) 

 

7. Allaire M., Socio-economic impacts of flooding: A review of the 

empirical literature, Water Security, 3, 18-26 (2018) 

 

8. Brunner M.I., Sikorska A.E. and Seibert J., Bivariate analysis of 

floods in climate impact assessments, Science of the Total 

Environment, 616, 1392-1403 (2018) 

 

9. Chapi K., Singh V.P., Shirzadi A., Shahabi H., Bui D.T., Pham 

B.T. and Khosravi K., A novel hybrid artificial intelligence 

approach for flood susceptibility assessment, Environmental 

Modelling and Software, 95, 229-245 (2017) 

 

10. Chen Y.R., Yeh C.H. and Yu B., Integrated application of the 

analytic hierarchy process and the geographic information system 

for flood risk assessment and flood plain management in 

Taiwan, Natural Hazards, 59, 1261-1276 (2011) 

 

11. Das S. and Gupta A., Multi-criteria decision based geospatial 

mapping of flood susceptibility and temporal hydro-geomorphic 

changes in the Subarnarekha basin, India, Geoscience 

Frontiers, 12(5), 101206 (2021) 

 

12. Das S., Geospatial mapping of flood susceptibility and hydro-

geomorphic response to the floods in Ulhas basin, India, Remote 

Sensing Applications: Society and Environment, 14, 60-74 (2019) 

 

13. Das S., Flood susceptibility mapping of the Western Ghat 

coastal belt using multi-source geospatial data and analytical 

hierarchy process (AHP), Remote Sensing Applications: Society 

and Environment, 20, 100379 (2020) 

 

14. Giridhar M.V.S.S. and Viswanadh G.K., Runoff estimation in 

an ungauged watershed using RS and GIS, Journal of Indian 

Association Water Works, 41(1), 32-49 (2009) 

 

15. Gupta A., Asopa U. and Bhattacharjee R., Land subsidence 

monitoring in Jagadhri City using Sentinel 1 data and DInSAR 

processing, In Proceedings MDPI, 24(1), 25 (2019) 

 

16. Hagos Y.G., Andualem T.G., Yibeltal M. and Mengie M.A., 

Flood hazard assessment and mapping using GIS integrated with 

multi-criteria decision analysis in upper Awash River basin, 

Ethiopia, Applied Water Science, 12(7), 148 (2022) 

 

17. Husain A., Muslim Minorities with Special Reference to 

Muslims of India, Journal of South Asian and Middle Eastern 

Studies, 8(4), 85 (1985) 
 

18. Kadaverugu A., Nageshwar Rao C. and Viswanadh G.K., 

Quantification of flood mitigation services by urban green spaces 

using In VEST model: a case study of Hyderabad city, 

India, Modeling Earth Systems and Environment, 7(1), 589-602 

(2021) 

 

19. Kazakis N., Kougias I. and Patsialis T., Assessment of flood 

hazard areas at a regional scale using an index-based approach and 



     Disaster Advances                                                                                                                        Vol. 18 (2) February (2025) 

https://doi.org/10.25303/182da038051        50 

Analytical Hierarchy Process: Application in Rhodope–Evros 

region, Greece, Science of the Total Environment, 538, 555-563 

(2015) 

 

20. Khosravi K., Pourghasemi H.R., Chapi K. and Bahri M., Flash 

flood susceptibility analysis and its mapping using different 

bivariate models in Iran: a comparison between Shannon’s entropy, 

statistical index and weighting factor models, Environmental 

Monitoring and Assessment, 188, 1-21 (2016) 

 

21. Kourgialas N.N. and Karatzas G.P., Flood management and a 

GIS modelling method to assess flood-hazard areas—a case 

study, Hydrological Sciences Journal, 56(2), 212-225 (2011) 

 

22. Kundzewicz Z.W., Pińskwar I. and Brakenridge G.R., Large 

floods in Europe, 1985–2009, Hydrological Sciences 

Journal, 58(1), 1-7 (2013) 

 

23. Madsen H., Lawrence D., Lang M., Martinkova M. and 

Kjeldsen T.R., Review of trend analysis and climate change 

projections of extreme precipitation and floods in Europe, Journal 

of Hydrology, 519, 3634-3650 (2014) 

 

24. Mahmoud S.H. and Gan T.Y., Multi-criteria approach to 

develop flood susceptibility maps in arid regions of Middle 

East, Journal of Cleaner Production, 196, 216-229 (2018) 

 

25. Mangini W., Viglione A., Hall J., Hundecha Y., Ceola S., 

Montanari A., Rogger M., Salinas J.L., Borzì I. and Parajka J., 

Detection of trends in magnitude and frequency of flood peaks 

across Europe, Hydrological Sciences Journal, 63(4), 493-512 

(2018) 

 

26. Merkuryeva G., Merkuryev Y., Sokolov B.V., Potryasaev S., 

Zelentsov V.A. and Lektauers A., Advanced Riverflood 

monitoring, modelling and forecasting, Journal of Computational 

Science, 10, 77-85 (2015) 

 

27. Msabi M.M. and Makonyo M., Flood susceptibility mapping 

using GIS and multi-criteria decision analysis: A case of Dodoma 

region, central Tanzania, Remote Sensing Applications: Society 

and Environment, 21, 100445 (2021) 

 

28. Nanda C., Kant Y., Gupta A. and Mitra D., Spatio-temporal 

distribution of pollutant trace gases during Diwali over 

India. ISPRS Annals of the Photogrammetry, Remote Sensing and 

Spatial Information Sciences, 4, 339-350 (2018) 

 

29. Panda P.K. and Sahoo S., Modelling of floodplain using recent 

technology, European Journal of Advances in Engineering and 

Technology, 2(7), 23-28 (2015) 

 

30. Panwar V. and Sen S., Examining the economic impact of 

floods in selected Indian states, Climate and Development, 12(3), 

281-296 (2020) 

 

31. Pradhan B., Flood susceptible mapping and risk area 

delineation using logistic regression, GIS and remote 

sensing, Journal of Spatial Hydrology, 9(2), https:// 

scholarsarchive.byu.edu/josh/vol9/iss2/4 (2010) 
 

32. Rahmati O., Zeinivand H. and Besharat M., Flood hazard 

zoning in Yasooj region, Iran, using GIS and multi-criteria decision 

analysis, Geomatics, Natural Hazards and Risk, 7(3), 1000-1017 

(2016) 

33. Ray K., Pandey P., Pandey C., Dimri A.P. and Kishore K., On 

the recent floods in India, Current Science, 117(2), 204-218 (2019) 

 

34. Saaty R.W., The analytic hierarchy process—what it is and 

how it is used, Mathematical Modelling, 9(3-5), 161-176 (1987) 

 

35. Samela C., Albano R., Sole A. and Manfreda S., A GIS tool for 

cost-effective delineation of flood-prone areas, Computers, 

Environment and Urban Systems, 70, 43-52 (2018) 

 

36. Sarkar D. and Mondal P., Flood vulnerability mapping using 

frequency ratio (FR) model: a case study on Kulik river basin, 

Indo-Bangladesh Barind region, Applied Water Science, 10(1), 1-

13 (2020) 

 

37. Siahkamari S., Haghizadeh A., Zeinivand H., Tahmasebipour 

N. and Rahmati O., Spatial prediction of flood-susceptible areas 

using frequency ratio and maximum entropy models, Geocarto 

International, 33(9), 927-941 (2018) 

 

38. Smiley S.L. and Hambati H., Impacts of flooding on drinking 

water access in Dar es Salaam, Tanzania: implications for the 

Sustainable Development Goals, Journal of Water, Sanitation and 

Hygiene for Development, 9(2), 392-396 (2019) 

 

39. Sofia G., Roder G., Dalla Fontana G. and Tarolli P., Flood 

dynamics in urbanised landscapes: 100 years of climate and 

humans’ interaction, Scientific Reports, 7(1), 40527 (2017) 

 

40. Souissi D., Zouhri L., Hammami S., Msaddek M.H., Zghibi A. 

and Dlala M., GIS-based MCDM–AHP modeling for flood 

susceptibility mapping of arid areas, southeastern 

Tunisia, Geocarto International, 35, 991-1017 (2020) 

 

41. Tang Z., Zhang H., Yi S. and Xiao Y., Assessment of flood 

susceptible areas using spatially explicit, probabilistic multi-

criteria decision analysis, Journal of Hydrology, 558, 144-158 

(2018) 

 

42. Tehrany M.S., Pradhan B., Mansor S. and Ahmad N., Flood 

susceptibility assessment using GIS-based support vector machine 

model with different kernel types, Catena, 125, 91-101 (2015) 

 

43. Termeh S.V.R., Kornejady A., Pourghasemi H.R. and Keesstra 

S., Flood susceptibility mapping using novel ensembles of adaptive 

neuro fuzzy inference system and metaheuristic 

algorithms, Science of the Total Environment, 615, 438-451 (2018) 

 

44. Vojtek M. and Vojteková J., Flood susceptibility mapping on a 

national scale in Slovakia using the analytical hierarchy 

process, Water, 11(2), 364 (2019) 

 

45. Wang Y., Fang Z., Hong H. and Peng L., Flood susceptibility 

mapping using convolutional neural network frameworks, Journal 

of Hydrology, 582, 124482 (2020) 

 

46. Wang Z., Lai C., Chen X., Yang B., Zhao S. and Bai X., Flood 

hazard risk assessment model based on random forest, Journal of 

Hydrology, 527, 1130-1141 (2015) 

 

47. Xiaoxin Z., Jin H., Ling L., Yueping W. and Xinheng Z., 

Research of AHP/DEA evaluation model for operation 

performance of municipal wastewater treatment plants, E3S Web 

of Conferences EDP Sciences, 53, 04009 (2018) 



     Disaster Advances                                                                                                                        Vol. 18 (2) February (2025) 

https://doi.org/10.25303/182da038051        51 

48. Zadeh S.M., Burn D.H. and O’Brien N., Detection of trends in 

flood magnitude and frequency in Canada, Journal of Hydrology: 

Regional Studies, 28, 100673 (2020) 

 

49. Zaharia L., Costache R., Prăvălie R. and Ioana-Toroimac G., 

Mapping flood and flooding potential indices: a methodological 

approach to identifying areas susceptible to flood and flooding risk, 

Case study: the Prahova catchment (Romania). Frontiers of Earth 

Science, 11, 229-247 (2017). 

 

(Received 22nd August 2024, accepted 25th October 2024)

 


